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Abstract Sexual polyploids were induced in diploid
(2n = 2x = 24) interspecific F1 hybrids of Longiflo-
rum 9 Asiatic (LA) and Oriental 9 Asiatic (OA)
Lilium hybrids by backcrossing to Asiatic (AA)
parents as well as by sib-mating of the F1 LA hybrids.
A majority of the BC1 progenies were triploid and the
progenies from sib-mating were tetraploid or near
tetraploids. Genomic in situ hybridization (GISH)
technique was applied to assess the intergenomic
recombination in the BC1 populations of LA and OA
hybrids obtained after unilateral sexual polyploidiza-
tion. A total of 63 LA (LA 9 AA and AA 9 LA) and
53 OA hybrids were analysed. LA hybrids were
originated through the functioning of 2n gametes
either as 2n eggs or 2n pollen while those of OA
hybrids originated through functional 2n pollen of
diploid OA genotype. In both type of crosses, a
majority of the progenies had originated through First
Division Restitution (FDR) mechanism of functional
2n gamete either with or without a cross over.
However, there were nine LA- and four OA-geno-
types where Indeterminate Meiotic Restitution (IMR)
was the mechanism of 2n gamete formation. Based on
GISH, total amount of introgression of Longiflorum
and Oriental genome into Asiatic genome was deter-
mined. Most of the BC progenies exhibited recombi-
nation and the amount of recombination was higher in
LA hybrids as compared to OA hybrids. Intergenomic
recombination was also determined cytologically in
the 16 plants of sib-mated LA hybrids where both
parents had contributed 2n gametes. Based on these
results the nature of interspecific lily hybrids obtained
from uni- and bilateral sexual polyploidization lead-
ing to allotriploid and allotetraploid formation is
discussed in the context of introgression and interge-
nomic recombination.
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Introduction
Sexual production of polyploids involve the fusion
of two gametes, one or both of them contributing
the somatic or unreduced number of chromosomes to
the progeny. Depending on the parental contribution,
the sexual polyploidization is either unilateral or
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bilateral (Mendiburu and Peloquin 1976). Normal
meiosis in germ cells (pollen- or embryo sac mother
cells) results in the formation of four haploid (n)
gametes following regular chromosomes association
and disjunction. On the other hand, 2n gametes
originate due to deviating meiosis in plants. The
process that leads to 2n gamete formation is called
meiotic nuclear restitution that occurs either during
micro- or megasporogenesis. Depending on the
particular meiotic stages at which nuclear restitution
occurs, different restitution mechanisms have been
recognized, viz., first division restitution (FDR),
second division restitution (SDR) (Mok and Peloquin
1972; Ramanna 1979) indeterminate meiotic restitu-
tion (IMR) (Lim et al. 2001), and post meiotic
restitution (PMR) (Bastiaanssen et al. 1998).
The formation of 2n gametes is a common
phenomenon in angiosperms (de Wet 1980) which
are thought to have played a most important role in the
origin and evolution of polyploid series (Harlan and de
Wet 1975; Jackson 1976). The sexual polyploidization
using 2n gametes not only increases the numbers of
genomes in the progeny but it also contributes towards
the achievement of genetic variation in the progenies
(Ramanna and Jacobsen 2003; Barba-Gonzalez et al.
2005). Furthermore, it also represents the convergence
of variability from divergent genotypes into a single
individual resulting in heterosis (Ortiz 1997). These
two characteristics make sexual polyploidization
superior to the somatic doubling of chromosomes,
which only increase the number of respective chro-
mosomes without creating any genetic variation in the
progenies. Breeders of many vegetatively propagated
crops have been taking advantage of the spontane-
ously occurring 2n gametes for introgressing genes
from wild diploid species to their cultivated polyploid
crops through ploidy manipulations (Peloquin and
Ortiz 1992). The usefulness of polyploids for crop
improvement that originate through the functioning of
2n gametes has been demonstrated in some of the
crops like potato (Mendiburu and Peloquin 1971;
Mendiburu et al. 1974), alfalfa (Bingham 1980;
Veronesi et al. 1986), red clover (Parrott and Smith
1984; Smith et al. 1985), blueberry (Lyrene et al.
2003), blackberry (Hall 1990), cassava (Ogburia et al.
2002), peanuts (Stalker and Moss 1987), strawberry
(Bringhurst and Voth 1984), sugarcane (Bremer
1961), sweet potato (Becerra Lopez-Lavalle and
Orjeda 2002) and banana (Ortiz and Vuylsteke 1995).
The species of the genus Lilium constitute the
most important cut flower crops in The Netherlands.
However, most of the cultivars have interspecific
origin within three different taxonomic sections. For
example, the widely grown cultivars of Lilium belong
to Longiflorum (L-genome), Asiatic (A-genome) and
Oriental (O-genome) hybrids derived from sections
Leucolirion, Sinomartagon and Archelirion, respec-
tively, (Lim et al. 2000). The species Lilium possess
a wide range of horticultural traits, such as flower
size, shape, colours and their arrangement, different
forcing times, variation in stem length and strength.
However, the most important amongst these are
the resistances to various pathogens which are
restricted only to certain hybrids within the different
sections.
It is most desirable to combine or introgress some
important horticultural traits from different species
into a single cultivar. In Lilium, however, it is
difficult to obtain F1 interspecific hybrids between
species or cultivars that belong to different taxonomic
sections. Nearly all the F1 Longiflorum 9 Asiatic
(LA) and Oriental 9 Asiatic (OA) hybrids are sterile.
This sterility is due to irregular chromosome paring
between the parental genomes during meiosis (Lim
et al. 2000; Barba-Gonzalez et al. 2004). Somatic
chromosome doubling of the F1 hybrids can produce
allotetraploids in which homologous chromosomes
can pair and restore fertility. This is one way to
overcome the F1-sterility problem (Van Tuyl and De
Jeu 1997). However, this method could not contribute
much to introgression breeding due to the formation
of the so-called ‘‘permanent hybrids’’ as their prog-
enies never segregate for parental characters due to
autosyndetic pairing (Ramanna and Jacobsen 2003;
Van Tuyl and Lim 2003). On the contrary, interge-
nomic recombination may occur in sexual polyploids
induced through the use of 2n gametes (Ramanna
et al. 2003; Ramanna and Jacobsen 2003). Interest-
ingly, some F1 LA and OA hybrids could produce
functional 2n pollen to some extent. These 2n pollen
producing Oriental 9 Asiatic (OA hybrids) and
Longiflorum 9 Asiatic (LA hybrids) F1 hybrids and
their triploid progenies were analysed cytologically
(Barba-Gonzalez et al. 2005; Lim et al. 2001). It was
found that homoeologous chromosomes pair and
recombine to certain extents during 2n pollen forma-
tion. The subsequent backcross progenies obtained by
back crossing these 2n pollen producing F1 LA and
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OA hybrids with Asiatic parents gave triploid prog-
enies with certain amount of intergenomic recombi-
nation (Lim et al. 2001; Barba-Gonzalez et al. 2005).
Because 2n pollen were responsible for sexual
polyploidization and genetic recombination in inter-
specific lily hybrids then it is possible that 2n eggs
could also perform similarly in the F1 interspecific
hybrids. Recently Zhou et al. (2008) showed that
some F1 LA hybrids also produced 2n eggs in
considerable frequencies which transmitted the inter-
genomic recombination to certain extent to the
subsequent progenies when backcrossed with Asiatic
parents.
It was found that F1 interspecific lily hybrids
producing 2n gametes results in homoeologous
chromosomes recombination in the following gener-
ations which ultimately leads to considerable genetic
variation (Barba-Gonzalez et al. 2004). This may
result in the assembling of complementary characters
from different species in to a single genotype in a
back cross breeding program in Lilium. By keeping
this in view about the nature of lily interspecific
hybrids, attempts were made to back cross 2n
gametes producing LA and OA parents with Asiatic
cultivars. In this way an allotriploid BC1 interspecific
lily hybrids could be achieved. Attempts were also
made to cross F1 LA hybrids which produced 2n
pollen and 2n eggs (LA 9 LA). In this way allote-
traploid lily interspecific hybrids could be achieved
by the union of unreduced gametes from both parents.
Until now there have been no cytogenetic reports for
the occurrence of bilateral sexual polyploidization in
interspecific lily hybrids.
The objective of this work was to evaluate the
probable consequences of unilateral and bilateral
sexual polyploidization cytologically and to discuss
the prospects of unilateral and bilateral sexual
polyploidization in interspecific lily hybrids. Further-
more, the studies have been elaborated to illustrate
how a backcross breeding program enables the
transfer of L- and O-genome into A-genomes through
functional 2n eggs and 2n pollen, respectively. The
GISH approach has been used here for the identifi-
cation of parental genomes and to estimate the
amount of intergenomic recombination in BC1 prog-
enies of F1 LA and OA hybrids produced from
functional 2n eggs and 2n pollen. The usefulness of
2n gametes in generating genetic variation by intro-
gression breeding in Lilium has been discussed using
allotriploid BC1 LA and OA hybrids as well as sib-
mated allotetraploid F2 LA hybrids.
Materials and methods
Plant material
Most of the diploid F1 Longiflorum 9 Asiatic hybrid
(2n = 2x = 24) cultivars and some of the triploid
interspecific hybrids (Table 1) were supplied by the
Dutch lily breeding companies: De Jong Lelies BV,
Royal Van Zanten BV, Testcentrum voor Siergew-
assn BV, Vletter and Den Haan BV and World
Breeding BV. However, one F1 LA (024004-5) and
Oriental 9 Asiatic (951502-1) were developed at
Plant Breeding, Wageningen UR (Tables 1, 2).
Because the three groups belong to three different
taxonomic sections, the cultivars of different sections
could be hybridized, or backcrossed, only through
special techniques (Van Tuyl et al. 1991; Lim et al.
2001; Barba-Gonzalez et al. 2004). 46 allotriploid
(2n = 3x = 36) BC1 LA progeny plants were
obtained by backcrossing three different F1 LA
hybrids as female parents with nine different Asiatic
cultivars to get progeny plants of LA 9 AA, indi-
cated as LAA (Table 1) while in reciprocal cross 15
plants were produced where two F1 LA hybrids were
used as male parents and backcrossed with three
different Asiatic cultivars. In case of OA BC1
progenies, two diploid Asiatic cultivars viz. ‘Ama-
rone’ and ‘Gironde’ were used as female parents and
crossed with one F1 OA hybrid to get 53 AA 9 OA
genotypes (Table 2). In order to produce allotetra-
ploid (2n = 4x = 48) F2 progenies, only one F1 LA
hybrids (041502) was used as male parent and
crossed with three different F1 LA hybrids (041546,
041548 and 041556) as female parents. So a total of
23 genotypes were obtained with a cross combination
of LA 9 LA and 16 of them were analysed cytolog-
ically (Table 3). All the plant material is being
maintained vegetatively at Wageningen UR Plant
Breeding, Wageningen, The Netherlands.
Flow cytometry
Flow cytometry was done to evaluate the ploidy level
of the BC1 and F2 progenies. The germinating
embryos were transferred into the propagation
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Table 1 Progeny plants obtained from unilateral sexual polyploidization of LA 9 AA and AA 9 LA crosses, their ploidy levels,
genome composition (number of recombinant chromosomes) and the percentage of genome contribution of the parents
Cross Genotypes Parents Ploidy level Genome composition Genome percentage No. of
recombinant
chromosomesFemale Male L
(L/A) A(A/L) L% A%
LA 9 AA 044525-1 041556 Mont Blanc 3x 12(1) 24(1) 34.8 65.2 2
LA 9 AA 044539-1 041558 Pollyanna 3x 12(1) 24(1) 33.3 66.7 2
LA 9 AA 044571-1 041557 Mont Blanc 3x 12(1) 24(2) 33.5 66.5 3
LA 9 AA 062035-1 041560 061092 3x 12(4) 24(2) 32.81 67.19 6
LA 9 AA 062035-2 041560 061092 3x 12(3) 24(3) 32.85 67.15 6
LA 9 AA 062071-1 041560 061091 3x 12(7) 24(5) 31.38 68.62 12
LA 9 AA 062071-2 041560 061091 3x 13(9) 23(5) 33.34 66.66 14
LA 9 AA 062074-1 041560 061085 3x 12(7) 24(7) 30.66 69.34 14
LA 9 AA 062074-3 041560 061085 3x 12(6) 24(6) 34.82 65.18 12
LA 9 AA 062074-4 041560 061085 3x 12(7) 24(7) 36.55 63.45 14
LA 9 AA 065051-2 024004-5 061095 3x 12(2) 24(4) 35.93 64.07 6
LA 9 AA 066828-2 041543 051072 3x 12 24(1) 36.14 63.86 1
LA 9 AA 066828-4 041543 051072 3x 12(1) 24(1) 33.33 66.67 2
LA 9 AA 066960-4 045143 031110 3x 12(4) 24(3) 32.37 67.63 7
LA 9 AA 066960-6 045143 031110 3x 11(4) 25(3) 32.20 67.8 7
LA 9 AA 066960-8 045143 031110 3x 12(4) 24 29.98 70.11 4
LA 9 AA 066960-9 045143 031110 3x 12(4) 24 30 70 4
LA 9 AA 066960-12 045143 031110 3x 12(4) 24(2) 33 67 6
LA 9 AA 066960-13 045143 031110 3x 12(3) 24(4) 34.17 65.83 7
LA 9 AA 066960-14 045143 031110 3x 12(1) 24(2) 37 63 3
LA 9 AA 066960-16 045143 031110 3x 12(4) 24(4) 30 70 8
LA 9 AA 066960-20 045143 031110 3x 11(4) 25(4) 33.53 66.47 8
LA 9 AA 066963-5 045143 031039 3x 12(6) 24(3) 31.37 68.63 9
LA 9 AA 066963-8 045143 031039 3x 12(3) 24(1) 34.08 65.92 4
LA 9 AA 066994-3 041560 051073 3x 13(11) 23(9) 33.91 66.09 20
LA 9 AA 066994-4 041560 051073 3x 12(6) 24(6) 35.60 64.4 12
LA 9 AA 066994-11 041560 051073 3x 12(8) 24(5) 32.63 67.37 13
LA 9 AA 066994-12 041560 051073 3x 12(5) 24(8) 35.96 64.04 13
LA 9 AA 066995-1 041560 031040 3x 12(5) 24(3) 37.01 62.99 8
AA 9 LA 044595-1 Pollyanna 041519 3x 10(2) 26(3) 29.65 70.5 5
AA 9 LA 044595-4 Pollyanna 041519 3x 12 24 33 67 0
AA 9 LA 044601-1 Mont Blanc 041502 3x 12(1) 24(2) 34.3 65.7 3
AA 9 LA 044601-2 Mont Blanc 041502 3x 10(2) 26(4) 31.04 68.96 6
AA 9 LA 044601-3 Mont Blanc 041502 3x - 1 11 24(1) 32.0 68 1
AA 9 LA 044601-4 Mont Blanc 041502 3x 12(1) 24(1) 33.0 67.0 2
AA 9 LA 044601-5 Mont Blanc 041502 3x - 1 11(1) 24 30.5 69.5 1
AA 9 LA 044601-6 Mont Blanc 041502 3x 12(2) 24(1) 31.6 68.4 3
AA 9 LA 044601-7 Mont Blanc 041502 3x 12 24(3) 33.7 66.3 3
AA 9 LA 044601-8 Mont Blanc 041502 3x ? 1 13(2) 24(1) 34.5 65.5 3
AA 9 LA 044638-1 Vivaldi 041502 3x - 1 11(1) 24(1) 32.31 67.9 2
AA 9 LA 044638-2 Vivaldi 041502 3x 10 26(2) 30.25 69.75 2
AA 9 LA 044638-3 Vivaldi 041502 3x 10(1) 26(3) 31.4 68.9 4
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medium and allowed to grow until leaves developed.
One leaf or scale was collected from each seedling
for testing ploidy level as described by Van Tuyl and
Boon (1997).
Mitotic chromosome preparation
For mitotic metaphase chromosome analysis, root
tips were collected early in the morning, incubated in
0.7 mM cycloheximide solution for 4–6 h and then
fixed in ethanol-acetic acid (3:1) solution for 12–24 h
and stored at 4C until use. The root tips were washed
in distilled water and incubated in a pectolytic
enzyme mixture containing 0.2% (w/v) pectyolase
Y23, 0.2% (w/v) cytohelicase and 0.2% (w/v)
cellulase RS in 10 mM citrate buffer (pH 4.5) at
37C for about 1 h. Squash preparations were made
in a drop of 45% acetic acid and frozen in liquid
nitrogen. The cover slips were removed by using a
razor blade. The slides were then dehydrated in
absolute ethanol and air dried.
Genomic in situ hybridization (GISH)
Genomic DNA of Longiflorum cultivar White Fox
and Oriental cultivar Sorbonne were used as probes
and labeled with either Digoxigenin-11-dUTP or
Biotin-16-dUTP by a standard nick translation pro-
tocol (Roche Diagnostics GmbH, Mannheim, Ger-
many). Total genomic DNA was extracted with the
CTAB method (Rogers and Bendich 1988). The
GISH procedure and mitotic chromosome spreads
were performed as described by Lim et al. (2003) and
Barba-Gonzalez et al. (2005). Briefly, the hybridiza-
tion mixture contained 50% (v/v) deionized formam-
ide, 10% (w/v) sodium dextran sulfate, 2x SSC,
0.25% (w/v) sodium dodecyl sulfate, 1–1.5 ng/ll
Digoxigenin or Biotin labeled DNA from Longiflo-
rum or Oriental cultivars and 25-100 ng/ll block
DNA of Asiatic cultivar. The DNA was denatured by
heating the hybridization mixture at 70C for 10 min
followed by incubation in ice for 5 min. The
hybridization mixture was then applied on each slide
Table 1 continued
Cross Genotypes Parents Ploidy level Genome composition Genome percentage No. of
recombinant
chromosomesFemale Male L
(L/A) A(A/L) L% A%
AA 9 LA 044638-4 Vivaldi 041502 3x 12 24 33.3 66.7 0
AA 9 LA 044638-6 Vivaldi 041502 3x 12 24 33.3 66.7 0
LA 9 AA 041551* 3x 12(1) 24(1) 33.3 66.7 2
LA 9 AA 041552* 3x 12(2) 24(2) 32.7 67.3 4
LA 9 AA 041553* 3x 12(1) 24(2) 35.4 64.6 3
LA 9 AA 041554* 3x 12(1) 24 31.7 68.3 1
LA 9 AA 041555* 3x ? 1 12(1) 25 31.9 68.1 1
LA 9 AA 041568* 3x 12 24 33.3 66.7 0
LA 9 AA 041569* 3x 12(1) 24(1) 33.3 66.7 2
LA 9 AA 041571* 3x 12(2) 24(2) 32.3 67.7 4
LA 9 AA 041572* 3x ? 1 13(2) 24(1) 33.8 66.2 3
LA 9 AA 041573* 3x 12(1) 24(1) 33.3 66.7 2
LA 9 AA 041574* 3x 12(1) 24(1) 33.3 66.7 2
LA 9 AA 041575* 3x 12(1) 24(1) 33.3 66.7 2
LA 9 AA 041576* 3x 12 24 33.3 66.7 0
LA 9 AA 041578* 3x 12(1) 24 31.4 68.6 1
LA 9 AA 041579* 3x 12 24 33.3 66.7 0
LA 9 AA 041580* 3x 12(3) 24(2) 31.2 68.8 5
LA 9 AA 041581* 3x 12 24(3) 38.2 61.8 3
LA 9 AA 041582* 3x 12 24 33.3 66.7 0
LA 9 AA 041583* 3x 12(1) 24(1) 33.2 66.8 2
* Names of the cultivars and their parentage are not mentioned due to proprietary considerations
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Table 2 Progeny plants obtained from unilateral sexual polyploidization of AA 9 OA crosses, their ploidy levels, genome com-
position (number of recombinant chromosomes) and the percentage of genome contribution of the parents
Cross Genotypes Parents Ploidy level Genome composition Genome percentage No. of
recombinant
chromosomesFemale Male O
(O/A) A(A/O) O% A%
AA 9 OA 022538-1 Amarone 951502-1 3x 12(4) 24(3) 32.64 67.36 7
AA 9 OA 022538-3 Amarone 951502-1 3x 12(4) 24(2) 31.13 68.87 6
AA 9 OA 022538-5 Amarone 951502-1 3x 12(3) 24(2) 32.0 68.0 5
AA 9 OA 022538-7 Amarone 951502-1 3x 13(3) 23(3) 35.07 64.93 6
AA 9 OA 022538-8 Amarone 951502-1 3x 12(2) 24(2) 32.23 67.77 4
AA 9 OA 022538-9 Amarone 951502-1 3x 13(2) 23(2) 35.4 64.6 4
AA 9 OA 022538-14 Amarone 951502-1 3x 12(3) 24(2) 30.5 69.5 5
AA 9 OA 022538-15 Amarone 951502-1 3x 11(1) 25(3) 32.12 67.88 4
AA 9 OA 022538-16 Amarone 951502-1 3x 12(5) 24(3) 30.22 69.78 8
AA 9 OA 022538-17 Amarone 951502-1 3x 12(1) 24(1) 33.3 66.7 2
AA 9 OA 022604-6 Gironde 951502-1 3x 12 24 33.3 66.7 0
AA 9 OA 022604-9 Gironde 951502-1 3x 12(1) 24 27.0 73.0 1
AA 9 OA 022604-10 Gironde 951502-1 3x 12 24 33.3 66.7 0
AA 9 OA 022605-1 Amarone 951502-1 3x 12(1) 24(1) 32.00 68 2
AA 9 OA 022605-2 Amarone 951502-1 3x 12(1) 24(1) 32.02 67.98 2
AA 9 OA 022605-3 Amarone 951502-1 3x 12(4) 24(3) 20.0 80.0 7
AA 9 OA 022605-4 Amarone 951502-1 4x 12 36 25 75 0
AA 9 OA 022605-5 Amarone 951502-1 3x 12(1) 24(1) 32.5 67.5 2
AA 9 OA 022605-7 Amarone 951502-1 3x 12(3) 24(3) 29.0 71.0 6
AA 9 OA 022605-8 Amarone 951502-1 3x 12(2) 24(1) 32.82 67.18 3
AA 9 OA 022605-9 Amarone 951502-1 3x 12(4) 24(3) 34.35 65.65 7
AA 9 OA 022605-10 Amarone 951502-1 4x 12 36 25 75 2
AA 9 OA 022605-11 Amarone 951502-1 3x 12(1) 24(1) 33.3 66.7 2
AA 9 OA 022605-12 Amarone 951502-1 3x 12(1) 24(1) 33.22 66.8 2
AA 9 OA 022605-13 Amarone 951502-1 4x 11(1) 37(1) 20.25 79.75 2
AA 9 OA 022605-15 Amarone 951502-1 4x 12 36 25 75 0
AA 9 OA 022605-16 Amarone 951502-1 3x 12(2) 24(2) 33.3 66.7 4
AA 9 OA 022605-18 Amarone 951502-1 3x 12(2) 24(2) 28 72 4
AA 9 OA 022605-19 Amarone 951502-1 3x 12(4) 24(2) 30.5 69.5 6
AA 9 OA 022605-20 Amarone 951502-1 3x 12(4) 24(2) 31.23 67.57 6
AA 9 OA 022605-21 Amarone 951502-1 3x 12(4) 24(4) 32.43 67.57 8
AA 9 OA 022605-22 Amarone 951502-1 3x 12(1) 24(1) 33.3 66.7 2
AA 9 OA 022605-23 Amarone 951502-1 3x 12(3) 24(2) 31.7 68.3 5
AA 9 OA 022605-24 Amarone 951502-1 3x 12(3) 24(2) 30.0 70.0 5
AA 9 OA 022605-25 Amarone 951502-1 3x 12(3) 24(2) 31.3 68.7 5
AA 9 OA 022605-27 Amarone 951502-1 3x 12(1) 24(1) 33.33 66.7 2
AA 9 OA 022605-28 Amarone 951502-1 3x 12(1) 24 31.16 68.84 1
AA 9 OA 022605-30 Amarone 951502-1 3x ? 1 12(2) 25(2) 32.0 68 4
AA 9 OA 022605-31 Amarone 951502-1 3x 12(2) 24 29.55 70.45 2
AA 9 OA 022605-32 Amarone 951502-1 3x 12 24 33.3 66.7 0
AA 9 OA 022605-34 Amarone 951502-1 3x 12(2) 24(2) 33 67 4
AA 9 OA 022605-35 Amarone 951502-1 3x 12(6) 24(2) 30.83 69.17 8
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(40 ll). The preparations were denatured immedi-
ately prior to incubate at 80C for 5 min. After
overnight hybridization at 37C in a humid chamber
the slides were washed at room temperature in
2x SSC for 15 min followed by stringent washing
with 0.1x SSC for 30 min at 42C. Digoxigenin
labelled DNA was detected with antidigoxigenin-
fluorescein raised in sheep (Boehringer, Mannheim,
Germany) and amplified with fluorescein anti-sheep
immunoglobulin raised in rabbit (Vector Laborato-
ries). Biotin labelled DNA was detected with CY-3
conjugated streptavidin and amplified with biotinyl-
ated goat-antistreptavidine (Vector laboratories).
Preparations were analysed using Zeiss Axiophot
epifluorescence microscope and photographed by
Canon digital camera. For each plant, the total
number of chromosomes and the number of recom-
binant points were determined.
Table 2 continued
Cross Genotypes Parents Ploidy level Genome composition Genome percentage No. of
recombinant
chromosomesFemale Male O
(O/A) A(A/O) O% A%
AA 9 OA 022605-36 Amarone 951502-1 3x 12(2) 24 29.4 70.6 2
AA 9 OA 022605-37 Amarone 951502-1 3x 12(1) 24 31.27 68.8 1
AA 9 OA 022605-38 Amarone 951502-1 3x 12(1) 24(1) 33.3 66.7 2
AA 9 OA 022605-39 Amarone 951502-1 3x 12(2) 24(2) 33.3 66.7 4
AA 9 OA 022605-40 Amarone 951502-1 3x 12(2) 24(2) 33.3 66.7 4
AA 9 OA 022605-41 Amarone 951502-1 3x 12 24 35.96 64.04 0
AA 9 OA 022605-42 Amarone 951502-1 3x 12(1) 24(3) 33 67 4
AA 9 OA 022605-44 Amarone 951502-1 3x 12(1) 24(1) 33.3 66.7 2
AA 9 OA 022605-45 Amarone 951502-1 3x 12 24(3) 35.93 64.07 3
AA 9 OA 022605-46 Amarone 951502-1 3x 12(3) 24(3) 36.92 63.08 6
AA 9 OA 022611-4 Gironde 951502-1 3x 12(1) 24(3) 35.96 64.04 4
Table 3 Progenies obtained from bilateral sexual polyploidization using 2n gamete producing LA hybrids (LA 9 LA), their ploidy
levels and genome composition (number of recombinant chromosomes)
Cross Genotype Parents Ploidy level Genome composition Number of
recombinant
chromosomesFemale Male L
(L/A) A(A/L)
LA 9 LA 064525-1 041556 041502 4x 23 25 0
LA 9 LA 064525-6 041556 041502 4x - 4 21(1) 23(2) 3
LA 9 LA 064525-7 041556 041502 4x - 5 21(3) 22(2) 5
LA 9 LA 064525-8 041556 041502 4x ? 5 28(3) 25(2) 5
LA 9 LA 064525-9 041556 041502 4x 22(2) 26(3) 5
LA 9 LA 064525-10 041556 041502 4x 22(1) 26(1) 2
LA 9 LA 064525-13 041556 041502 4x 25(3) 23(1) 4
LA 9 LA 064525-14 041556 041502 4x - 1 24(2) 23(1) 3
LA 9 LA 064525-15 041556 041502 4x - 3 21(2) 24 2
LA 9 LA 064525-16 041556 041502 4x 25(4) 23(1) 5
LA 9 LA 064525-17 041556 041502 4x 22 26 0
LA 9 LA 064525-18 041556 041502 4x ? 1 22 27(1) 1
LA 9 LA 064525-19 041556 041502 4x 23(2) 25(1) 3
LA 9 LA 064525-20 041556 041502 4x 25(3) 23(4) 7
LA 9 LA 064534-1 041546 041502 4x 25(5) 23(5) 10
LA 9 LA 064536-2 041548 041502 4x - 1 23(1) 24 1
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Chromosome identification, measurement
and determination of genome contribution
For karyotyping in both genomes (L and A), chromo-
somes are arranged in sequence of decreasing short
arm length according to Stewart (1947). Some of the
chromosomes in the somatic karyotype could be
identified on the basis of total length and arm ratios
(e.g., 1, 2, 3 10, 11 and 12). In other cases, however, the
differences in the lengths of short arms were used for
identification. By identifying recombination sites ana-
lysed by GISH, the same chromosome could be
accurately identified in 5–10 cells and compared with
the previous and the succeeding chromosomes in the
karyotype. Furthermore, the centromeric index (short-
arm length/short-arm length ? long-arm length) and
the relative chromosome length index (individual
chromosome length/total length of all chromosomes)
were determined for all genotypes (Barthes and
Ricroch 2001). For the measurements and determina-
tion of genome contribution, images of mitotic meta-
phase chromosomes from each genotype were
collected and were measured in micrometers (lm).
The contribution of the amount of both L and A
genomes (in terms of percentage) in BC progenies was
determined using the computer program MicroMea-
sure (Reeves and Tear 2000; http://www.colostate.edu/
Depts/Biology/MicroMeasure).
Results
Unilateral sexual polyploidization
The number of genotypes of both LA and OA hybrids
that produced notable frequencies of either 2n eggs or
2n pollen were generally few and in none of the cases
any single genotype produced both types gametes.
Therefore, unilateral sexual polyploidization was
carried out by using the 2n gamete producing
genotypes either as male or female parents by
backcrossing with Asiatic parents. For bilateral
sexual polyploidization, however, it was necessary
to cross (sib-mate) the genotypes that produced 2n
eggs with those that produced 2n pollen. In the case
of LA hybrids, there were genotypes that produced
either 2n eggs or 2n pollen. This was not the case
with OA hybrids in which only one genotype that
produced 2n pollen was available. For this reason
bilateral sexual polyploidization was possible in the
case of LA hybrids but not in the case of OA hybrids.
Production of progenies from LA 9 AA
and reciprocal
During present study, efforts were made to produce a
fairly large number of backcross progenies from
unilateral sexual polyploidization. In case of LA
hybrids progenies were obtained by using both 2n
eggs and 2n pollen. Three different F1 LA hybrids
were used as female parents and backcrossed with
nine different Asiatic cultivars to get LA 9 AA
(LAA) progeny plants (Table 1). A total of 46
allotriploid (2n = 3x = 36) and two aneuploid
(2n = 3x = 36 ? 1) BC1 LA progeny plants were
obtained. This indicated that it is possible to produce
a large number of progenies by using 2n eggs of F1
LA hybrids. In the reciprocal cross 15 plants were
produced where three F1 LA genotypes were used as
male parents and backcrossed with three different
Asiatic cultivars. Eleven of these plants were triploid
(2n = 3x = 36) while four of them had aneuploid
condition (2n = 3x = 36 ?1 or -1). The occurrence
of allotriploids in AA 9 LA crosses indicated that F1
LA hybrids produced functional 2n pollen. Besides
the progenies obtained from the use of 2n eggs and 2n
pollen from LA hybrids in the present study, the
genome constitution of some of the cultivars supplied
by the lily breeders are also included in Table 1 (19
genotypes at the end of the Table 1). These had
resulted from unilateral sexual polyploidization at the
breeding companies (for confidential reasons, the
names of the cultivars and their parentage are not
mentioned in the Table 1).
Production of progenies of AA 9 OA crosses
In order to generate OA progeny through unilateral
sexual polyploidization from OA hybrids, only one
F1 OA hybrid was used as a male parent and
backcrossed to two different Asiatic cultivars to get
AA 9 OA types of BC1 progenies. Although various
parental combinations were tried (data not shown) to
get allotriploid progenies through unilateral sexual
polyploidization, there was no success. This was due
to the frequency of 2n pollen produced by different
F1 OA hybrids which was not sufficient for a
successful backcross. A total of 53 plants were
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obtained from two different parental combinations
(Table 2). The ploidy levels of all these progenies
were determined through flow cytometry (data not
presented) as well as by cytological counting of the
chromosomes. Most of the resulting progenies were
allotriploid (2n = 3x = 36) indicating the production
of functional 2n pollen in F1 OA hybrids.
Bilateral sexual polyploidization
This was possible only in LA hybrids because of the
above stated reason. There was scarcity of genotypes
in interspecific lily hybrids which produce both 2n
eggs and 2n pollen simultaneously. So sib-matings
were made between F1 LA hybrids which were found
to produce either 2n eggs or 2n pollen in order to get
an F2 population. Three F1 LA hybrids which
produced 2n eggs were used as female parents and
crossed with one F1 LA hybrid as male parent which
produced 2n pollen. So the resultant progenies were
expected to be allotetraploid. As a result of this
combination (LA 9 LA) a total of 23 plants were
obtained. The ploidy level of all these genotypes was
determined through flow cytometry (data not pre-
sented) and 16 of these plants were analysed cyto-
logically (Table 3).
Genomic structure of BC progenies
Genome composition of LA 9 AA
and AA 9 LA progenies
With GISH technique, it was possible to identify the
chromosomes of parental genomes and recombinant
segments in the progenies (Fig. 1). Table 1 reports
genome composition of BC1 genotypes obtained after
unilateral sexual polyploidization. Here F1 LA hybrids
Fig. 1 a–d Triploid (2n = 3x = 36) and tetraploid
(2n = 4x = 48) LA and OA hybrids obtained from uni- and
bilateral sexual polyploidization. a Chromosomes complement
of triploid BC1 LA (062071-2) showing 12 L and 24 A
chromosomes. b Chromosomes complement of tetraploid F2
LA (064534-1) showing 25 L and 23 A chromosomes.
c Chromosomes complement of triploid BC1 OA (022605-
36) showing 12 O and 24 A chromosomes. d Chromosome
complement of tetraploid BC1 OA (022605-4) showing 12 O
and 36 A chromosomes. Recombination chromosomes are
marked with arrow heads indicating three type of recombinant
chromosomes i.e., L/A centromere of Longiflorum genome
with Asiatic recombinant segments or vise versa (A/L) and
O/A i.e., centromere of Oriental genome with Asiatic
recombinant segment
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backcrossed reciprocally with different Asiatic parents
to get LA 9 AA and AA 9 LA type of progenies,
respectively. A total of 48 genotypes where F1 LA
hybrid is used as female parent were analysed with
GISH. Similarly, 15 genotypes were also investigated
where F1 LA hybrid used as male parent. Most of the
analysed genotypes were triploid (2n = 3x = 36).
This observation of allotriploid BC1 progenies proved
that the F1 LA hybrids had contributed balanced 2n
chromosome complement. However, two genotypes
had an aneuploid condition (3x ? 1) in case of
LA 9 AA type of cross while in reciprocal cross
(AA 9 LA) four aneuploid (3x ? 1 and -1) geno-
types were obtained (Table 1). This condition could be
explained on the basis of the 2n ?1 and -1 egg
produced in the F1 LA hybrids. In a majority of the
triploid BC1 LA progeny plants, 12 chromosomes of
the L genome and 24 of the A genome were clearly
identified (in the case of recombinant chromosomes
only the centromere was taken into consideration).
However, there were four genotypes (062071-2,
066960-6, 066960-20, 066994-3) recovered in
LA 9 AA progeny where there was deviation from
the expected 12 L and 24 A chromosomes, respec-
tively, (Table 1). On the other hand 8 genotypes were
found in case of AA 9 LA cross where there were 12
(12 ?1, ?2 or 12–1, -2) L and 24 (?1, -1 and -2) A
chromosomes, respectively. As far as recombination
was concerned most of the BC1 LA hybrids exhibited
recombination to certain extent. An illustration of these
triploid genotypes is given (Fig. 1a).
Genome composition of the AA 9 OA progenies
A total of 53 BC1 progenies resulting from OA hybrids
through unilateral sexual polyploidization were ana-
lysed during the present investigation. It was found that
48 (90.38%) genotypes were triploid (2n = 3x = 36),
four (7.7%) were tetraploid (2n = 4x = 48) and one
(1.92%) was aneuploid (3x ? 1). As expected the
triploid BC1 progenies of the OA hybrids indicated
that the F1 OA hybrid donated 2n gametes to the
progeny so that a complete set of OA chromosomes
were transferred to their subsequent progenies. Most of
the BC1 triploids had 24 A and 12 O chromosomes.
However, like in LA hybrids, three genotypes in BC1
triploid progenies of OA hybrids were found to possess
(12 ? 1 or -1) of O chromosomes from the expected
12 O- and 24 A-genome chromosomes (Table 2). The
four tetraploids recovered had originated through the
functioning of 2n eggs from the female Asiatic parents
and hence contributed two sets of the A genome.
Remarkably, one of these plants (022605-13) had 11 O
and 37 A chromosomes instead of the expected 12
O ? 36 A constitutions. One aneuploid (3x ? 1) was
also found in the BC1 progenies with one extra
chromosome of A genome. This could have resulted
from a univalent which might have lagged behind
when the sister chromatids of the other univalents were
segregating during FDR process of OA hybrid parents.
This gave rise to the formation of 2n ? 1 gametes
(Table 2). Figure 1 (c and d) shows the triploid and
tetraploid genotypes, respectively, with recombinant
chromosomes.
Genome composition of LA 9 LA hybrids
A total of 16 F2 plants derived from crossing LA
hybrids that produced either 2n eggs or 2n pollen
were analysed by GISH for their ploidy level, number
of chromosomes from each genome and the number
of recombinant chromosomes (Fig. 1b). It was found
that nine genotypes were tetraploids (2n = 4x = 48)
indicated the contribution of 2n gametes from both
parents. The other seven genotypes (064525-6, -7, -8,
-14, -15, -18 and 064536-2) had an aneuploid
condition with 4x-4, -5, ?5, -1, -3, ?1–1 and
-1, respectively, (Table 3).
Homoeologous recombination and frequency
of introgression of L and O- genomes
into A-genome
From the analyzed data, it was found that in case of
BC1 progenies of both LA and OA hybrids obtained
from unilateral sexual polyploidization, 56 genotypes
(88.8%) of LA 9 AA and its reciprocal cross
(AA 9 LA) and 46 (86.8%) of the progenies of OA
hybrids exhibited recombination at certain level
(Tables 1, 2). It means that there is no significant
difference between the two groups of progenies with
regard to number of plants with recombinant chro-
mosomes. However, the numbers and frequency of
recombinant chromosomes differed depending on the
direction of the cross and it is irrespective of the type
of interspecific hybrids used for sexual polyploidiza-
tion. It was found that the frequency of recombination
recovered in BC1 progenies was higher in case of LA
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hybrids (when F1 LA hybrids were used as female
parents) as compared to OA hybrids where 2n
gametes were donated by the male parent. Similarly
the frequencies of recombination events were also
higher in LA hybrids than OA hybrids.
There were obviously four type of chromosomes;
two non-recombinant chromosomes, L and A and two
recombinant chromosomes L/A and A/L. Those with
a centromere of Asiatic chromosome with introgres-
sion of Longiflorum segments, are indicated as A/L,
and vice versa, i.e., L/A. Among the 48 BC1 LA
genotypes which were derived from a cross where F1
LA hybrids were used as female parent, a total of 271
recombinant chromosomes were detected. Out of
these 271 recombinant chromosomes, 148 were L/A
types and 123 were of A/L type. This contrasted with
the 35 recombinant chromosomes recovered in 15
triploid BC1 progenies of LA hybrids where F1 LA
hybrids were used as male parent. Here 13 chromo-
somes were of L/A and 22 were of A/L types
Fig. 2 A diagrammatic
representation of
recombinant chromosomes
in BC1 triploid LA
(062071-2, 066994-3 and
066995-1) and OA
(022605-30, 022605-35 and
022605-46) hybrids. In this
figure the black colour
represents the Longiflorum
and Oriental genomes while
white grey represents the
Asiatic one
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(Table 1). Similarly in case of OA hybrids four type
of chromosomes; two non-recombinant chromo-
somes, O and A and two recombinant chromosomes
O/A and A/O. In case of BC1 progenies of OA
hybrids a total of 179 recombinant chromosomes
were recovered where 98 were O/A and 81 were of A/
O type of recombinant chromosomes (Table 2). Thus
there was an obvious difference between the two
types of interspecific hybrid with regard to the
contribution of recombinant chromosomes to their
resultant progenies depending on the direction of the
cross. Furthermore the range of recombinant chro-
mosomes varied from 0 to 20 in the crosses involved
F1 LA hybrids as female parent where as in
reciprocal cross (AA 9 LA) it ranged from 0 to 6
in various genotypes. On the other hand in case of
OA hybrids, the number of recombinant chromo-
somes was far less than LA 9 AA hybrids and it
varied from 0 to 8 in different genotypes. As far as
the crossover event were concerned there were
evidences that single, double and multiple crossover
events had occurred in both type of progenies
resulting from unilateral sexual polyploidization.
In case of progenies derived from bilateral sexual
polyploidization (LA 9 LA) 14 genotypes (87.5%)
exhibited recombinant chromosomes. The total num-
ber of recombinant chromosomes recovered in F2
progeny derived from 2n–2n cross was 56. Here 31 of
these were L/A type while 25 were A/L type of
recombinant chromosomes (Table 3).
Taking the total length of three genomes i.e., A, L
and O genomes in the BC1 triploid progenies, the
percentages of each genome present in the BC1
progenies was estimated (Tables 1, 2). There is a
little deviation from the expected values (L = 33.3%
and A = 66.7%). The percentage of L genome varied
from 29.98% (066960-8) to as high as 37.01%
(066995-1). Similarly, in case of OA hybrids the
amount of introgression of O genome in A also
ranged from 20 (022605-3) to 36.92% (022605.46).
In order to estimate the number and types of
recombinant chromosomes and the lengths of recom-
binant segments, the karyotypes of some of the BC1
LA and OA progenies were determined and shown in
Fig. 2. However, in most of the cases almost an
expected amount of Longiflorum and Oriental
genomes were transmitted from LA and OA hybrids
to respective BC1 progenies resulted from unilateral
sexual polyploidization.
Discussion
Role of 2n gametes in intergenomic
recombination and introgression
Present study revealed that unilateral and bilateral
sexual polyploidization through 2n gametes could
successfully be carried out in interspecific lily
(Lilium) hybrids to produce allotriploid and allote-
traploid genotypes. Application of functional 2n
gametes has become an important tool for the
production of polyploid cultivars in different plant
species like potato (Mendiburu and Peloquin 1977;
Den Nijs and Peloquin 1977), wheat (Jauhar 2003),
Lolium (Sala et al. 1989), Aspagarus (Camadro
1994), Medicago sativa (Barcaccia et al. 1998) and
Lilium (Lim et al. 2001; Barba-Gonzalez et al. 2005;
Zhou et al. 2008). The traditional method to breed the
triploid lilies is to obtain the tetraploid as a first step
by mitotic polyploidization. These tetraploids are
then crossed with normal diploids to achieve triploid
progenies. This approach is less desirable because in
the allotetraploid, which behaves like a ‘permanent
hybrid’ due to autosyndetic chromosome pairing, no
intergenomic recombination is expected to occur. As
a result, there is very little scope for the selection of
cultivars from mitotic polyploidization. On the other
hand the breeding schemes involving 2n gametes via
unilateral sexual polyploidization in lily hybrids can
overcome F1 hybrid sterility, facilitate intergenomic
recombination leading to genetic variation and pro-
duction of allotriploid progenies with some intro-
gressed chromosomal segments. This has been
clearly demonstrated in three different types of
interspecific hybrids: Longiflorum 9 Asiatic (Lim
et al. 2003; Zhou et al. 2008), Oriental 9 Asiatic
(Barba-Gonzalez et al. 2004) and L. auratum 9 L
henryi (Van Tuyl et al. 2002). During present study,
allotriploid progenies were obtained in LA and OA
hybrids through functional 2n eggs as well as 2n
pollen. Previously, in most of the cases 2n pollen
rather than 2n eggs have been used for unilateral
sexual polyploidization. One reason might be that it is
easier to detect 2n pollen producing genotypes
merely by staining the pollen and determine the size
or growing them on artificial pollen germination
medium. On the other hand, detection of 2n egg
requires crossing and production of progeny that has
to be tested for ploidy level. Although we have
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selected several interspecific F1 hybrids that produce
either 2n pollen or 2n eggs, the frequencies of such
genotypes are relatively low as compared to other
liliaceous such as Alstroemeria and other plants
(Kamstra et al. 1999a, b; Ramanna et al. 2003;
Ramsey and Schemske 1998).
Unilateral sexual polyploidization
The development of GISH technique facilitates
discrimination of the parental genomes and predicts
the level and amount of genome changes that occur in
such crosses. Earlier reports on analysis of micro-
sporogenesis during 2n pollen formation indicated the
meiotic irregularities leading to the generation of
gametes with differing genome compositions depend-
ing on the types of meiotic nuclear restitution (Lim
et al. 2001; Ramanna and Jacobsen 2003; Barba-
Gonzalez et al. 2004).
The first objective of our study was to produce
interspecific triploid lilies (LA and OA) through 2n
gametes (both male and female) via unilateral sexual
polyploidization and to evaluate the nature of these
BC1 triploid progenies by GISH. In this study, we
have demonstrated the frequency of homoeologous
recombination and amount of introgression from L-
and O-genomes into A genome when BC1 progenies
were obtained after unilateral sexual polyploidiza-
tion. Flow cytometric analysis (data not presented)
and chromosome counting after GISH confirmed the
allotriploid natures of BC1 plants in both type of
crosses, i.e. LA 9 AA and OO 9 AA. In case of
BC1 progenies of LA hybrids (LA 9 AA type of
cross), most of the genotypes were triploid
(2n = 3x = 36) where 24 chromosomes were con-
tributed by 2n gametes producing LA hybrid and n
number of chromosomes by the Asiatic parent. As a
result 24 chromosomes inherited from A and 12
chromosomes from L genome were present in BC1
progeny plants. However, it was found that in some
BC1 LA hybrid (LA 9 AA and AA 9 LA) there
were deviation from the expected number of L and A
chromosomes. This deviation could be explained on
the bases of IMR mechanism of 2n gametes forma-
tion in LA hybrids (Lim et al. 2001). In case of BC1
progeny of OA hybrid, the progenies are mostly
triploids (2n = 3x = 36) with few tetraploid geno-
types. These tetraploid progenies could be the result
of bilateral sexual polyploidization. Here, mostly we
found the normal contribution of 24A (2n pollen
contribute each set of 12 O and 12 A chromosomes)
and 12 O genome composition in BC1 plants with
few exception of 12 ?1 or -1 O chromosomes. This
indicates that FDR was the mechanism of 2n gametes
formation in most of OA hybrids (Ramanna et al.
2003; Barba-Gonzalez et al. 2004). Present study
strengthens the findings of Lim et al. (2001), Barba-
Gonzalez et al. (2005) and Zhou et al. (2008) who
found that in case of both LA and OA hybrids more
BC1 progenies recovered from FDR 2n gametes
rather than IMR 2n gametes. This might be due to
more stability and viability of FDR 2n gametes as
compared to IMR 2n gametes in both types of F1
hybrids.
GISH analysis of BC1 progenies has demonstrated
an extensive genome recombination in the BC1
progenies of both LA and OA hybrids obtained after
unilateral sexual polyploidization. It was found that
the choice of female parents producing 2n gametes
also has a significant effect as compared to 2n
gametes producing male parent when backcrossed to
a diploid Asiatic cultivars. This significant effect was
in terms of the numbers of recombinant chromosomes
recovered in allotriploid BC1 progenies. When F1
LA hybrids were used as female parents and back-
crossed with diploid Asiatic cultivars a large numbers
of intergenomic recombinants were recovered in BC1
progenies of LA hybrids. However, lower numbers of
recombinant chromosomes were obtained in BC1
progenies of both LA and OA when these F1
interspecific hybrids were used as male parents.
These differences amongst the rate of recombination
between male and female parents are in accordance
with the findings of Lagercrantz and Lydiate (1995)
and Labonne et al. (2007) who found that there is an
increase in the rate of recombination during female
meiosis as compared to male meiosis in Brassica
nigra and Tunera krapovickasii 9 T. subulata inter-
specific hybrid, respectively. It was found that 43 of
the analysed plants (89.5%) of BC1 progeny of
LA 9 AA had recombinant chromosomes in variable
numbers i.e., 1–20 recombinant chromosomes per
genotype. While in the reciprocal crosses 12 geno-
types (80%) had recombinant chromosomes ranged
from 1 to 6 recombinant chromosomes per genotype.
Moreover, on average 15.7% recombinant chromo-
somes have been recovered in BC1 triploid progeny
of LA 9 AA crosses while the recovery of
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recombinant chromosomes in the reciprocal crosses
was 6.5%. Similarly when OA F1 hybrids were used
as male parent and backcrossed with a diploid Asiatic
cultivar 46 out of 53 analysed BC1 plant (86.8%)
exhibited recombinant chromosomes. In contrast
when OA hybrid is used as male parent the number
of recombinant chromosomes is far less (1–8) than in
the corresponding progeny of LA hybrids where F1
LA hybrids were used as female parent. However, the
number of recombinant chromosomes is almost the
same when LA hybrids were used as pollen donors
(i.e. 1–6). Similarly, the average number of recombi-
nant chromosomes recovered in OA hybrids is almost
the same (8.9%) when compared with the BC1 LA
progenies (6.5%) obtained when LA hybrids were
used as male parents The mean result of analysed
genotypes in both types of crosses clearly reflected
the low recombination events in LA and OA hybrids
where F1 interspecific hybrids used as pollen donors
as compared to LA hybrids where F1 hybrids
contributed 2n eggs.
Barba-Gonzalez et al. (2004) found that some
other F1 OA hybrids and Asiatic cultivars also
produced 2n gametes and they resulted in the
production of triploid and tetraploid progenies.
However, it was found that when OA hybrids were
backcrossed with Oriental cultivars only triploid
progenies were obtained. GISH analysis proved that
not only F1 OA hybrid studied here (951502-1;
Table 2) resulted into intergenomic recombination
but another F1 OA hybrid 952400-1 also resulted in
chromosomal recombination in BC1 progenies when
back crossed with some of the Asiatic cultivars
(Barba-Gonzalez et al. 2005). Similarly, it was found
that LA hybrids produced 2n gametes and used either
as male or female parents to get allotriploid progenies
with certain amount of intergenomic recombination
when backcrossed with various Asiatic cultivars
(Zhou et al. 2008; Khan et al. 2009).
In the current study, it was found that more or less
the expected percentage (33.3%) of L and O genome
is retained in BC1 progenies of LA and OA hybrids.
However, irrespective of the direction and type of the
cross, an imbalance was found between numbers of
L- and O- genome introgressions on A chromosomes
and vice versa. The karyotypes for all LA and OA
hybrids were constructed (an example is given in
Fig. 2). It was found that in case of LA hybrids there
were a total of 271 recombinant chromosomes (148
L/A and 123 A/L types). Some of these recombinant
chromosomes are the reciprocal products i.e. L/A–A/
L so they had equal contribution of introgressed
segments from both genomes. However, non recipro-
cal recombinant products were also obtained. It was
found that in these non reciprocal products in both
type of crosses (LA and OA) the Asiatic genome
introgression on L or O chromosomes is exceeded.
Conversely, less introgression of L or O genome was
found in Asiatic background. In LA 9 AA crosses, a
total of 125 Asiatic introgressions were found on L
genome while introgressions of L genome on Asiatic
chromosomes was 85. Similarly in AA 9 OA
hybrids a total of 57 A genome introgression were
found on O chromosomes while in reciprocal case 42
introgressions were found in Asiatic background
from O genome.
Bilateral sexual polyploidization
Another aim of the present study was to evaluate the
relevance of bilateral sexual polyploidization in
interspecific lily hybrids. However, it is worthy to
have genotypes producing 2n gametes for the bilat-
eral sexual polyploidization. In the absence of
genotypes of lily hybrids that produce both 2n pollen
and 2n eggs simultaneously, bilateral sexual polyplo-
idization in interspecific lily hybrids has not been
accomplished before. One idea was to use the F1
hybrid with good female fertility to be crossed with
another F1 hybrid with good male fertility to produce
tetraploids through bilateral sexual polyploidization.
These ideas became evident only when the crosses
were made between some F1 LA hybrids through sib-
mating to generate F2 population. Such tetraploids
have two important advantages: (1) Because of their
fertility they can be used as parents repeatedly to
produce triploid or tetraploid progenies. (2) When the
bilateral sexual polyploids possess recombinant chro-
mosomes, they are likely to pair as multivalents and
segregate randomly as if in an autopolyploid. This
means, the loci present on recombinant chromosomes
segregate whereas all other loci will not segregate as
in the typical allotetraploid (Ramanna et al. 2003).
Furthermore, using this method of sexual polyploidi-
zation, crops with maximum heterozygosity could
replace those obtained by artificial chromosome
doubling (Den Nijs and Stephenson 1988; Hahn
et al. 1990; McCoy 1992). Because of these
170 Euphytica (2010) 171:157–173
123
attributes, such tetraploids might be potentially useful
for introgression and for cytogenetic mapping pur-
poses. The present study implies that crosses between
parents producing 2n gametes produced allotetraploid
progenies and in the following backcross 4x and 2x
parents would predominantly produce triploid prog-
enies in the 4x–2x direction.
As mentioned earlier bilateral sexual polyploidi-
zation is rarer than its unilateral counterpart, the few
known cases involved were Trifolium pratense (Par-
rott et al. 1985), Solanum (Jongedijk et al. 1991;
Werner and Peloquin 1991), Avena sativa haploids
(Rines and Dahleen 1990), Dactylis glomerata L.
(Van Santen et al. 1991; Lumaret et al. 1992),
Triticum-Aegilops hybrids (Fukuda and Sakamoto
1992), Madicago spp. (Barcaccia et al. 1998),
Triticum turgidum haploids (Jauhar et al. 2000),
Manihot esculenta (Ogburia et al. 2002), and Als-
troemeria (Ramanna et al. 2003).
Harlan and de Wet (1975) pointed out the three
mechanism responsible for polyploid formation viz.
(1) by direct unilateral or bilateral sexual polyploi-
dization by fusion of 2n gametes (2) by an interme-
diate step forming a hybrid with 2n gamete and (3)
somatic doubling of diploid hybrid. It was argued that
for direct bilateral sexual polyploidization, the mean
frequency of 2n gamete production in a diploid
population is so low that the chance of spontaneous
tetraploidization, by fusion of two 2n gametes is
negligible. However, some spontaneous bilateral
sexual polyploids have been reported in Manihot
esculenta (Hahn et al. 1990), Dactylis glomerata
(Van Santen et al. 1991) and Cyphomandra betacea
(Pringle and Murray 1992). It was found in the
present study that interspecific F1 LA hybrids
produced both 2n pollen and 2n eggs resulted in
tetraploid or near tetraploid (aneuploid) progenies
(Table 3). Irregular segregation of sister chromatids
during FDR can produce 2n ? 1 or 2n-1 gametes.
The fusion of such gametes can produce near
tetraploid (aneuploid) progenies.
Unilateral and bilateral sexual polyploidization
resulted in the formation of triploid and allotetraploid
progenies, respectively. A general consideration is
that those triploids are mostly sterile and have little
interest in breeding because of sterility. However, a
cursory look at the literature indicates that triploid
have been used successfully in crossing programs and
could produce diploid or circa diploid progenies in
3x–2x or in reciprocal crosses (Lim et al. 2003;
Barba-Gonzalez et al. 2006b; Proscevicˇius et al.
2007). These diploid or circa diploid progenies are
potentially useful for breeding at the diploid level
(Khan et al. 2009). Unlike the triploids the allote-
traploids obtained after bilateral sexual polyploidiza-
tion could be fertile and can produce progenies by
selfing or crossing with other genotypes.
Different interspecific F1 hybrids with 2x–2x
crosses were made to estimate the 2n gametes
formation. When no natural polyploids are available,
certain treatments are done to induce the 2n gametes
formation. Notably temperature and chemical agents
were shown to affect the frequency of 2n gamete
formation (Bretagnolle and Thompson 1995; Ramsey
and Schemske 1998; Barba Gonzalez et al. 2006a;
Wu et al. 2007). Beside these factors the production
of 2n gametes is under strong influence of genetic
control (Bretagnolle and Thompson 1995; Ramsey
and Schemske 1998). Recently, the first gene AtPS1
responsible for 2n gametes formation has been
isolated and characterized (d’Erfurth et al. 2008).
This information can facilitate our understanding the
origin of 2n gametes and speed up their use in crop
breeding programs.
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